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ABSTRACT 
The aim of this study was to evaluate the effect of acute and chronic physical and psychologi-
cal stressors on the induction of oxidative stress in male rat liver. Male Wistar rats were ran-
domly divided into 3 groups as following: control, physical and psychological stress groups. 
Stress was induced by communication box for one (acute), fifteen and thirty (chronic) days. 
Once stressor periods ended, rats were anesthetized and their liver dissected out for later as-
sessments. Exposure to physical stress enhanced liver superoxide dismutase (SOD) (19.44 %) 
and glutathione S-transferase (GST) (21.84 %) activities and decreased glutathione (GSH) 
(30.03 %) level on the 1st day (p<0.05). SOD (24.13 and 18.43 %) and GST (27.77 and 
21.27 %) activities were significantly increased, while catalase activity (29.74 and 24.41 %) 
and GSH level (35.05 and 31.05 %) were decreased in psychological stress group after 1 and 
15 days (p<0.01 and p<0.05) compared to the 1st day value in control group, respectively. 
Psychological stress induced an increase in liver malondialdehyde (MDA) (46 %) and plasma 
corticosterone (36 %) levels on the 1st day (p<0.05). However, all parameters returned to 
their basal value after 30 days of stress.  
The results suggest that exposure to acute physical and psychological stressors induce the 
production of reactive oxygen species and oxidative stress in rat liver due to GSH depletion 
and the decreased catalase activity. The elevation of lipid peroxidation and corticosterone lev-
el in acute psychological stress may lead to more profound oxidative damage than acute phys-
ical stress. Moreover, cell protection in hepatic tissue of chronically stressed rats is indicative 
of possible late adaptation of the animals to stress. 
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INTRODUCTION 
Stress by any aversive stimulus, is a 
state of threatened homeostasis provoked 
by a psychological, environmental, or phys-
iologic stressor and the ability to cope with 
such stressful stimuli is a crucial determi-
nant of health and disease. Stress responses 
are regulated by interactions between phys-
iological and neurochemical factors. Physi-
cal or psychological stress induce changes 
in hypothalamic–pituitary–adrenal axis 
which culminates with glucocorticoids and 
chemical mediators release including adre-
nocorticotropic hormone (ACTH), norepi-
nephrine (NE), serotonin, dopamine, and 
acetylcholine (Nadeem et al., 2006; Chakra-
borti et al., 2008; Goncalves et al., 2008). 
The metabolism of norepinephrine and do-
pamine leads to production of free radicals 
and reactive oxygen species (ROS). Gluco-
corticoids may increase the basal level of 
ROS in cells and also increase the toxicity 
of oxygen radical generators (Uysal et al., 
2005). 
Understanding the molecular and cellu-
lar pathways activated in response to stress 
exposure is important for the development 
of pharmacological intervention to stress-
induced diseases. One of the important 
mechanisms of action of stress is produc-
tion of ROS, which can react with biologi-
cal macromolecules such as DNA, proteins, 
carbohydrates and lipids. The ROS in the 
cells are neutralized by antioxidant defense 
system including superoxide dismutase 
(SOD), catalase (CAT), glutathione S-
transferase (GST) and glutathione (GSH). 
Oxidative stress is the result of an imbal-
ance between oxidants and antioxidants 
(Nadeem et al., 2006; Kamper et al., 2009). 
Several studies have shown that the altera-
tion of antioxidant enzyme activities in dif-
ferent kinds of stress were associated with a 
depletion of GSH and an increase of lipid 
peroxidation, all of which can lead to oxi-
dative stress and finally cell death (Pajovic 
et al., 2006; Depke et al., 2009; Lucca et al., 
2009; Ahmad et al., 2012). 
 
The ability to neutralize oxidant species 
differs in various tissues and stress models 
(Stojiljkovic et al., 2005; Sahin and Gumus-
lu, 2007; Kamper et al., 2009). The oxida-
tive injury appearing after stress exposure is 
not well understood. To the best of our 
knowledge, there is no data on time-
dependent effect of acute and chronic phys-
ical and psychological stresses on antioxi-
dant defense system in the liver. In the pre-
sent study we tried to look at this effect 
with GSH concentration measurement, as 
well as assessing the activities of antioxi-
dant enzymes (SOD, CAT and GST) and 
malondialdehyde (MDA) as an important 
index of lipid peroxidation in liver after two 
stress model exposure. 
 
MATERIALS AND METHODS 
Chemicals 
Reduced glutathione (GSH), Nitro-
bluetetrazolium (NBT), 1-chloro-2,4-dini-
trobenzene (CDNB) and 5,5'-dithiobis 2-ni-
trobenzoic acid (DTNB) were obtained 
from Sigma Chemical Company. All other 
chemicals used were of extra pure grade 
and obtained from Sigma and Merck. 
 
Animals 
Male Wistar rats (170-190 g, 2.5-3 
months old) were obtained from Pasteur 
Institute (Tehran, Iran). Rats were housed 3 
per cage and acclimated for at least 1 week 
prior to experimental use. All animals were 
fed a standard food (Pars Company of ani-
mal food producer, Iran) and water ad libi-
tum and kept in a temperature-controlled 
room (20 to 22 °C) with a 12 h light/12 h 
dark cycle. All procedures were approved 
by the Animal Care and Use Committee of 
the Neuroscience Research Center, Shahid 
Beheshti University of Medical Sciences, 
Iran. 
 
Stress protocol 
Rats were randomly divided into 3 
groups of 12 animals each as following: 
control group, physical and psychological 
stress groups. A communication box was 
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used as stress stimulus device. This device 
is divided into nine compartments (16×16 
cm) by transparent plastic sheets. In each 
session, five rats were exposed to physical 
stress by the electrical foot-shock (1 mA, 
1 Hz) for a 10 s duration every 60 s (1 h/d) 
through the stainless steel grids. Four re-
maining animals in the other compartments 
were exposed to psychological stress by 
watching and hearing the struggle, jumping, 
and vocalization of the animals under foot-
shock stress (Endo et al., 2001). The ani-
mals of the stressed group were subdivided 
into acutely (1 day exposure to stress) and 
chronically stressed (15 and 30 days expo-
sure to stress) groups. The animals of the 
control group had the same subgroups. 
These animals were placed in the box 
(1 h/d) without receiving any stress. The 
weight of the animals was recorded on the 
1st, 15th, and 30th day of the experimental 
period. 
 
Plasma and tissue preparation 
At the end of the experimental periods, 
rats were anesthetized with diethyl ether, 
and blood samples were collected by cardi-
ac puncture in tube containing 0.5 % hepa-
rin as the anticoagulant and immediately 
centrifuged at 1500×g for 10 minutes at 
4 °C. Plasma were separated from erythro-
cytes and stored in 0.5 ml aliquots at –
70 °C freezer for measurement of the corti-
costerone concentration. The liver was im-
mediately removed, washed in ice-cold 
phosphate buffer saline (PBS). Washed tis-
sues were immediately immersed in liquid 
nitrogen and stored at −70 °C until bio-
chemical analysis. 
On the day use, frozen tissue samples 
were quickly weighed and homogenized 
1:10 in ice-cold 50 mM potassium phos-
phate buffer (pH 7.4) containing 1 mM 
EDTA. The homogenates were then centri-
fuged at 16000×g for 15 min at 4 °C. The 
supernatants were separated and used for 
enzyme activities assays and protein deter-
mination. 
 
Measurement of plasma corticosterone 
level 
Plasma corticosterone level was meas-
ured using the corticosterone Elisa kit 
(DRG, Germany). The plasma cortico-
sterone was expressed as nmol/mL using 
corticosterone standards prepared. 
 
SOD activity assay 
The activity of SOD was determined us-
ing the method described by Winterbourn et 
al. (1975) based on the ability of SOD to 
inhibit the reduction of NBT by superoxide. 
The absorbance of samples was read on a 
Genesys 10 UV spectrophotometer at 560 
nm for 5 min. The amount of enzyme re-
quired to produce 50 % inhibition was tak-
en as 1 U and results were expressed as 
U/mg protein. 
 
CAT activity assay 
CAT activity in tissue homogenates was 
measured spectrophotometrically at 240 nm 
by calculating the rate of degradation of 
H2O2 as the substrate of the enzyme using 
the method of Aebi, 1984. A molar absorp-
tion of 43.6 Mcm−1 was used to determine 
CAT activity. Enzymatic activity was ex-
pressed as U/mg protein, one unit (U) of 
which was equal to 1 mole of H2O2 degrad-
ed/min/mg of protein. 
 
GST activity assay 
GST activity was assayed by monitor-
ing the formation of the thioether product of 
the reaction between GSH and CDNB at 
340 nm (Habig and Jakoby, 1981). The en-
zyme activity was calculated using extinc-
tion coefficient 9.6 mM cm−1 and expressed 
as µmol CDNB utilized/min/mg protein. 
 
Determination of GSH level 
GSH level was measured using the 
method of Tietz (1969). GSH in the super-
natant was assayed at 412 nm by monitor-
ing the absorbance of DTNB for 5 min. 
GSH levels were determined from a stand-
ard curve and expressed as nmol/mg pro-
tein. 
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Determination of MDA level 
Liver MDA level as an indicator of lipid 
peroxidation was determined at 532 nm us-
ing 2-thiobarbituric acid according to the 
method of Satoh (1978). MDA concentra-
tions were determined using 1,1,3,3-tetra-
ethoxypropane as standard and expressed as 
nmol/mg protein. 
 
Protein level assay  
The total protein contents of the sam-
ples were measured by Bradford’s method 
(1976) using bovine serum albumin as 
standard. 
 
RESULTS 
Effects of stress on the body weight  
The changes in the body weight of con-
trol and stressed rats during various exper-
imental periods are given in Figure 1. The 
body weights of both control and stressed 
rats had a rising trend. The weights of con-
trol and stressed rats showed a significant 
increase on day 30 as compared to day 1 in 
the same group. However, on day 30, the 
weights of physical (p<0.05) and psycho-
logical (p<0.01) stress groups were signifi-
cantly less than that of the control group. 
 
 
Figure 1: Effect of acute and chronic physical 
and psychological stresses on the body weights 
in control and stressed rats. Control (C), physi-
cal (Ph) and psychological (Ps) stresses. Val-
ues are expressed as mean ± SEM of 12 rats. 
*p<0.05, **p<0.01 and ***p<0.01 vs. day 1 in 
the same group; †P<0.05 vs. day 30 in the 
stressed groups; #P<0.05 vs. day 30 in the 
same group 
 
Effects of stress on corticosterone level 
The effect of acute and chronic physical 
and psychological stresses on plasma corti-
costerone level is shown in Figure 2. No 
significant difference was observed be-
tween corticosterone level of the control 
and physical stress groups at any time. The 
rats of psychological stress group showed 
significantly higher plasma corticosterone 
level (36 %) on the 1st day in comparison 
to the control rats at the same time. This 
stressed group showed a significant de-
crease in corticosterone level on the 30th 
(p<0.05) day of the experiment compared 
with the 1st day. In addition, no significant 
difference was observed between corti-
costerone levels of the acute and chronic 
physical and psychological stress groups 
throughout the trial. 
 
Figure 2: Effect of acute and chronic physical 
and psychological stresses on plasma corti-
costerone level in control and stressed rats. 
Control (C), physical (Ph) and psychological 
(Ps) stresses. Values are expressed as 
mean ± SEM of 12 rats. *p<0.05 vs. day 1 in the 
control group; #P<0.05 vs. day 1 in the same 
group 
 
 
Effects of stress on GSH level 
The effect of acute and chronic physical 
and psychological stresses on liver GSH 
level is depicted in Table 1. GSH level was 
decreased as 30.03 and 24.58 % by physical 
stress and 35.05 and 31.05 % psychological 
stress on the 1st and 15th days of the exper-
iment, as compared to the control rats, re-
spectively. However, the recovery of the 
parameter was observed in rats of the 
stressed groups after 30 days.  
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Table1: Effect of acute and chronic physical and psychological stresses on liver GSH level (nmol/mg 
protein) in control and experimental rats 
Time (day) Control Physical stress Psychological stress 
1 123.39 ± 7.301 86.34 ± 4.121* 80.15 ± 5.092** 
15 126.62 ± 9.632 93.06 ± 4.928 85.08 ± 7.525*,† 
30 121.69 ± 8.695 119.21 ± 9.421 117.51 ± 10.544# 
Values are expressed as mean ± SEM of 12 rats. *p<0.05 and **p<0.01 vs. day 1 in the control group; †P<0.01 vs. day 15 in the 
control group; #P<0.05 vs. day 1 in the same group 
 
 
 
Effects of stress on antioxidant enzyme 
activities 
Mean liver SOD activity in control and 
stressed groups is shown in Figure 3. SOD 
activity was increased in physical (19.44 
and 15.30 %) and psychological (24.13 and 
18.43 %) stress groups after 1 and 15 days 
compared to the control on the 1st day, re-
spectively. However, the SOD activity after 
30 days was not significant between control 
and stressed groups. 
 
Figure 3: Effect of acute and chronic physical 
and psychological stresses on liver SOD activity 
in control and stressed rats. Control (C), physi-
cal (Ph) and psychological (Ps) stresses. Val-
ues are expressed as mean ± SEM of 12 rats. 
*p<0.05 and **p<0.01 vs. day 1 in the control 
group; #P<0.05 vs. day 30 in the same group 
 
 
The alteration of CAT activity in liver 
rats of the control and stressed groups are 
presented in Figure 4. CAT activity was 
significantly decreased as 29.74 and 
24.41 % in psychological stress group after 
1 and 15 days, as compared to the values of 
the control group on the 1st day. However, 
the recovery followed suit after 30 days in 
rats of this stress group. Exposure to physi-
cal stress did not change CAT activity at 
any time point. 
 
 
Figure 4: Effect of acute and chronic physical 
and psychological stresses on liver CAT activity 
in control and stressed rats. Control (C), physi-
cal (Ph) and psychological (Ps) stresses. Val-
ues are expressed as mean ± SEM of 12 rats. 
*p<0.05 and **p<0.01 vs. day 1 in the control 
group; #P<0.05 vs. day 30 in the same group 
 
 
The changes of GST activity in the liver 
of control and stress-treated rats are shown 
in Figure 5. An increase in GST activity 
was observed in physical (21.84 and 8 %) 
and psychological (27.77 and 21.27 %) 
stress groups after 1 and 15 days when 
compared to the control on the 1st day, re-
spectively. However, there was no signifi-
cant change observed in GST activity fol-
lowing 30 days of stress exposure in com-
parison to the control. 
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Figure 5: Effect of acute and chronic physical 
and psychological stresses on liver GST activity 
in control and stressed rats. Control (C), physi-
cal (Ph) and psychological (Ps) stresses. Val-
ues are expressed as mean ± SEM of 12 rats. 
*p<0.05 and **p<0.01 vs. day 1 in the control 
group; #P<0.01 vs. days 15 and 30 in the control 
group 
 
 
Effects of stress on MDA level 
The effect of acute and chronic physical 
and psychological stresses on liver MDA 
level is depicted in Table 2. Liver MDA 
level was significantly increased in the rats 
of psychological stress group (46 %) on the 
1st day in comparison to the control rats at 
the same time. This stressed group showed 
a significant decrease in MDA level on the 
30th day of the experiment compared with 
the 1st day. No significant difference was 
observed between liver MDA levels of the 
control and physical stress groups at any 
times. In addition, no significant difference 
was observed between MDA level of the 
acute and chronic physical and psychologi-
cal stress groups throughout the trial. 
 
 
 
DISCUSSION 
Several studies have demonstrated that 
different kinds of stress cause reduction of 
body weight in experimental animals (Ga-
maro et al., 2003; Bekris et al., 2005; Zar-
dooz et al., 2006; Lucca et al., 2009). In the 
present study, the weight of rats in physical 
and psychological stress groups were sig-
nificantly less than the control group on the 
30th day of the experiment. This may be 
due to the decreased sweet food consump-
tion in stressed rats (Bekris et al., 2005; 
Lucca et al., 2009). Exposure to stress in-
creased the activity of corticotropin releas-
ing hormone (CRH), as an anorexigenic 
neuropeptide, which may lead to a reduc-
tion of food intake and consequently lesser 
weight gain in the stressed rats (Carrasco 
and Van de Kar, 2003; Zardooz et al., 
2006). According to the previous studies, 
chronic exposure to psychological and so-
cial stresses increased both food intake and 
body weight in male rats and hamsters 
(Foster et al., 2006; Rostamkhani et al., 
2012). A study showed that shaker stress 
for 7 days in male mice significantly de-
creased body weight, but had no effect on 
food intake (Bernatova et al., 2002). Re-
peated social stress for 6 days increased 
food intake but decreased weight gain in 
male rats (Bhatnagar et al., 2006).  
 
Table 2: Effect of acute and chronic physical and psychological stresses on liver MDA level (nmol/mg 
protein) in control and experimental rats 
Time (day) Control Physical stress Psychological stress 
1 7.368 ± 0.477 8.372 ± 0.738 10.798 ± 0.507* 
15 7.531 ± 0.782 7.767 ± 1.022 8.887 ± 0.646 
30 7.407 ± 0.935 7.621 ± 0.622 8.255 ± 0.849# 
Values are expressed as mean ± SEM of 12 rats. *p<0.05 vs. day 1 in the control group; #P<0.05 vs. day 1 in the same group 
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Oxidative stress plays a crucial role in 
the initiation and progression of different 
diseases such as hepatocyte diseases (Dep-
ke et al., 2009; Ahmad et al., 2012). Differ-
ent kinds of stress can promote the for-
mation of ROS and oxidative stress condi-
tions (Nadeem et al., 2006; Kamper et al., 
2009). ROS are neutralized by the antioxi-
dant defense mechanisms. SOD and CAT 
are the first line of cellular defense against 
oxidative injury. SOD catalyzes converts 
the superoxide anion into H2O2 and CAT 
degrades H2O2 to water (Sarumathi and 
Saravanan, 2012). In the present study, the 
increased SOD activity and decreased CAT 
activity in the liver were significantly ob-
served in psychological stress group after 
both 1 and 15 days. Physical stress signifi-
cantly increased SOD activity without 
change in CAT activity on the 1st day of 
the experiment. However, the recovery of 
these parameters was observed after 
30 days in rats of the stressed groups. The 
SOD elevation may provide mainly protec-
tion against stress induced liver injury. The 
high SOD activity may be attributed to in-
creased superoxide anion production giving 
rise to an excess H2O2 in liver. The de-
creased or unaltered CAT activity leads to 
the accumulation of H2O2, which may be 
the cause of oxidative stress (Ahmad et al., 
2012; Sarumathi and Saravanan, 2012). A 
study showed that chronic footshock stress 
for 21 days induced significant increases in 
brain SOD activity, with concomitant re-
duction in CAT activity (Bhattacharya et 
al., 2001). In addition, several studies re-
ported increased SOD and CAT activities 
(Sahin and Gumuslu, 2004; Uysal et al., 
2005; Samson et al., 2007; Ahmad et al., 
2012), others claimed decreases (Sarumathi 
and Saravanan, 2012), while others found 
no significant differences in various tissues 
(Sahin et al., 2006) in response to different 
stress models. We conclude that the re-
sponse to stress would appear different ac-
cording to the type, duraton, intensity, and 
history of the animal to stress (Papandreou 
et al., 2011). 
GST is present in various tissues and 
can conjugate ROS with GSH. It plays an 
important role in protecting tissue from ox-
idative stress and its levels can reflect the 
antioxidant capacity of the body (Habig and 
Jakoby, 1981). In present study, the liver 
GST activity was significantly increased by 
both physical and psychological stressors as 
early as the first day, possibly due to the 
self-adjusting activity of the body to resist 
oxidative damage. These findings are in 
agreement with the results of the previous 
reports that cold and social stressors signif-
icantly increased the activity of GST in var-
ious tissues (Kaushik and Kaur, 2003; 
Nadeem et al., 2006; Yuksel et al., 2008). 
Our results are inconsistent with those re-
ported a decrease in GST activity in rats 
exposed to restraint stress for 1-6 h (Zaidi 
et al., 2005; Atif et al., 2008; Devaki et al., 
2011) and immobilization stress for 21 days 
(Sarumathi and Saravanan, 2012). 
GSH is an important non-enzymatic an-
tioxidant that plays a crucial role in the de-
toxification of ROS (Sahin and Gumuslu, 
2004; Ghizoni et al., 2006; Chakraborti et 
al., 2008). GSH protects essential thiol 
groups from oxidation and serves as a sub-
strate for glutathione peroxidase and GST. 
In addition, GSH is involved in mainte-
nance of other antioxidants, such as ascor-
bate and α-tocopherol. GSH is synthesized 
in the cytoplasm of the liver cells and then 
distributed into different organs (Ghizoni et 
al., 2006; Jafari et al., 2012). In present 
study, GSH level was decreased in the liver 
of physical (after 1 day) and psychological 
(after 1 and 15 days) stress groups. The de-
creased GSH may be due to the presence of 
ROS produced by stress, the increased ac-
tivity of GST enzyme (Figure 5) and lim-
ited GSH synthesis (Kaushik and Kaur, 
2003; Ghizoni et al., 2006; Jafari et al., 
2012). Depletion of GSH leads to oxidized 
GSH (GSSG) production and finally de-
creased the GSH/GSSG ratio in different 
tissues in stressed rats, which is an index of 
tissue oxidative stress (Samson et al., 
2007). Our results are in agreement with the 
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results that have found decreased levels of 
GSH in various tissues of rats exposed to 
different stressors (Samson et al., 2007; 
Chakraborti et al., 2008; Atif et al., 2008; 
Sarumathi and Saravanan, 2012; Ahmad et 
al., 2012). However, Ghizoni and cowork-
ers showed that acute restraint stress via the 
inhibition of nitric oxide synthase led to an 
increase in GSH levels in the cerebellum 
after 2 and 4 h of immobilization, but not in 
the cerebral cortex, striatum, and hippo-
campus (Ghizoni et al., 2006). Evidences 
indicate that pretreatment with antioxidants, 
GSH, alpha-tocopherol and N-acetyl cyste-
ine reduced the stress-induced oxidative 
stress in rats (Liu et al., 1994; Chakraborti 
et al., 2008). 
Lipid peroxidation is an oxidative de-
generation of polyunsaturated fatty acids, 
which causes impaired membrane structure 
and functions. MDA level, as an important 
indicator of LPO, indirectly reflects the ex-
tent of cellular injury in vivo (Chakraborti 
et al., 2008; Jafari et al., 2012). The present 
study showed that MDA content was signif-
icantly raised in rat liver following psycho-
logical stress exposure on the 1st day of the 
experiment. GSH depletion may lead to an 
increased lipid peroxidation, possibly due 
to the lowering of the cellular defense sys-
tem against endogenous toxic intermediates 
(Chakraborti et al., 2008). Numerous stud-
ies have shown that exposure to a variety of 
acute and chronic stress models (e.g., re-
straint, immobilization, cold and psycho-
logical stressors) significantly increased 
MDA content in various tissues of animals 
(Kaushik and Kaur, 2003; Sahin and 
Gumuslu, 2004; Zaidi et al., 2005; Nadeem 
et al., 2006; Samson et al., 2007; Atif et al., 
2008; Devaki et al., 2011; Ahmad et al., 
2012). However, acute footshock stress did 
not change MDA level in male and female 
rat brains (Uysal et al., 2005). Chronic re-
straint stress for 21 days led to increased 
lipid peroxidation in the kidney but not in 
the liver and heart (Sahin et al., 2006). In 
addition, psychological stress exposure for 
2–16 h significantly increased the content 
of MDA in the mouse brain via an increase 
in neuronal nitric oxide synthase activity 
but had no effect on liver and serum MDA 
levels (Matsumoto et al., 1999). These in-
consistencies in results may be attributed to 
both the type of model and the duration of 
stress (Sahin et al., 2006).  
Glucocorticoid release in response to 
stress may play a critical role in activation 
of catecholamine transmission (Uysal et al., 
2005). The plasma corticosterone level is 
one of the most important indicators of 
stress (Sahin and Gumuslu, 2004; Sahin and 
Gumuslu, 2007). In this study, plasma cor-
ticosterone level was increased in psycho-
logical stress group on the 1st day. A return 
of corticosterone level to control values in 
the chronically stressed rats is indicative of 
possible late adaptation of the animals to 
stress (Ricart-Jane et al., 2002; Teague et 
al., 2007; Rostamkhani et al., 2012; Zar-
dooz et al., 2012). The positive correlation 
between plasma corticosterone and liver 
MDA level (Figure 2 and Table 2) in psy-
chological stress suggests a probability that 
the elevation of corticosterone level in re-
sponse to stress accelerates the generation 
of ROS leading to lipid peroxidation in the 
liver (Sahin and Gumuslu, 2007; Tangaraj 
et al., 2007). Our results are in accordance 
with the previous studies claiming that ex-
posure to different types of acute stress, in-
cluding immobilization, restraint and psy-
chological stressors in rats significantly in-
creased plasma corticosterone level (Sahin 
and Gumuslu, 2004; Tangaraj et al., 2007; 
Zardooz et al., 2006, 2012; Rostamkhani et 
al., 2012). No change in corticosterone lev-
el was reported following chronic stress ex-
posure (Marin et al., 2007; Moretti et al., 
2012). 
The highest peak in MDA and corti-
costerone levels and the trough in the de-
pleted GSH content were found in psycho-
logical stressed rats on the 1st day. Deple-
tion of GSH and the decrease in the 
GSH/GSSG ratio may shift cells through 
apoptosis and necrosis (Jafari et al., 2012). 
Several studies have shown that stress and 
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high corticosterone levels induce cell death 
in rat brain (Behl et al., 1997; Manoli et al., 
2000). In addition, psychological stress in-
creased in vitro apoptosis of peripheral 
blood T lymphocytes (Sakami et al., 2003; 
Jun et al., 2008) and in BALB/c mice 
(Depke et al., 2009). However, further stud-
ies are required to investigate the effects of 
physical and psychological stressors on cell 
death induction in a variety of tissues using 
an in vivo system. 
In summary, exposure to physical and 
psychological stressors induce the produc-
tion of ROS and oxidative stress in rat liver 
due to GSH depletion, increase SOD activi-
ty concomitant with decreased or unaltered 
catalase activity. The elevation of lipid per-
oxidation and corticosterone levels in situa-
tions of acute psychological stress may lead 
to even more profound oxidative damage 
than acute physical stress. Moreover, the 
induction of cell protection in hepatic tissue 
of chronically stressed rats give strong evi-
dence that counter-regulatory mechanisms 
are activated to prevent further hepatocyte 
damage in these animals (Depke et al., 
2009). 
 
ACKNOWLEDGMENTS 
The authors would like to thank Prof. 
Dr Alireza Asgari for careful review of the 
manuscript. This work was supported by a 
grant from Medical Faculty of Baqiyatallah 
University of Medical Sciences and Neuro-
science Research Center, Shahid Beheshti 
University of Medical Sciences. 
 
Conflict of interest statement 
The authors declare that there is no con-
flict of interest. 
 
REFERENCES 
Aebi H. Catalase in vitro. Methods Enzymol 1984; 
105:121-6. 
Ahmad A, Rasheed N, Chand K, Maury R, Banuc N, 
Palita G. Restraint stress-induced central monoam-
inergic and oxidative changes in rats and their pre-
vention by novel Ocimum sanctum compounds. In-
dian J Med Res 2012;135:548-54. 
Atif F, Yousuf S, Agrawal SK. Restraint stress-
induced oxidative damage and its amelioration with 
selenium. Eur J Pharmacol 2008;600:59-63. 
Behl C, Lezoualc'h F, Trapp T, Widmann M, Skutel-
la T, Holsboer F. Glucocorticoids enhance oxidative 
stress-induced cell death in hippocampal neurons in 
vitro. Endocrinology 1997;138:101-6. 
Bekris S, Antoniou K, Daskas S, Papadopoulou-
Daifoti Z. Behavioural and neurochemical effects 
induced by chronic mild stress applied to two differ-
ent rat strains. Behav Brain Res 2005;161:45–59. 
Bernatova I, Key MP, Lucot JB, Morris M. Circadi-
an differences in stress-induced pressor reactivity in 
mice. Hypertension 2002:40:768-73.  
Bhatnagar S, Vining C, Iyer V, Kinni V. Changes in 
hypothalamic-pituitary-adrenal function, body tem-
perature, body weight and food intake with repeated 
social stress exposure in rats. J Neuroendocrinol 
2006;18:13-24. 
Bhattacharya SK, Bhattacharya A, Das K, Muruga-
nandam AV, Sairam1 K. Further investigations on 
the antioxidant activity of Ocimum sanctum using 
different paradigms of oxidative stress in rats. J Nat 
Remedies 2001:1(1):6–16. 
Bradford MM. A rapid and sensitive method for the 
quantitation of microgram quantities of protein uti-
lizing the principle of protein-dye binding. Anal 
Biochem 1976;72:248-54. 
Carrasco GA, Van de Kar LD. Neuroendocrine 
pharmacology of stress. Eur J Pharmacol 2003;463: 
235-72. 
Chakraborti A, Gulati K, Ray A. Age related differ-
ences in stress-induced neurobehavioral responses in 
rats: Modulation by antioxidants and nitrergic 
agents. Behav Brain Res 2008;194:86–91. 
Depke M, Steil L, Domanska G, Volker U, Schutt C, 
Kiank C. Altered hepatic mRNA expression of im-
mune response and apoptosis-associated genes after 
acute and chronic psychological stress in mice. Mol 
Immunol 2009;46:3018–28. 
Devaki M, Nirupama R, Yajurvedi HN. Reduced 
antioxidant status for prolonged period due to re-
peated stress exposure in rat. J Stress Physiol Bio-
chem 2011;7:139-47. 
Endo Y, Yamauchi K, Fueta Y, Lrie M. Changes of 
body temperature and plasma corticosterone level in 
rats during psychological stress induced by the 
communication box. Med Sci Monit 2001;7:1161-5. 
EXCLI Journal 2014;13:161-171 – ISSN 1611-2156 
Received: December 30, 2013, accepted: February 11, 2014, published: February 24, 2014 
 
 
170 
Foster MT, Solomon MB, Huhman KL, Bartness TJ. 
Social defeat increases food intake, body mass, and 
adiposity in Syrian hamsters. Am J Physiol Regul 
Integr Comp Physiol 2006;290:R1284-93. 
Gamaro GD, Manoli LP, Torres IL, Silveira R, 
Dalmaz C. Effects of chronic variate stress on feed-
ing behavior and on monoamine levels in different 
rat brain structures. Neurochem Int 2003;42:107–14. 
Ghizoni DM, Pavanati KC, Arent AM, Machado C, 
Faria MS, Pinto CM et al. Alterations in glutathione 
levels of brain structures caused by acute restraint 
stress and by nitric oxide synthase inhibition but not 
by intraspecific agonistic interaction. Behav Brain 
Res 2006;166:71-7. 
Goncalves L, Dafre AL, Goncalves Carobrez S, 
Cezar Gasparotto O. A temporal analysis of the rela-
tionships between social stress, humoral immune 
response and glutathione-related antioxidant defens-
es. Behav Brain Res 2008;192:226–31. 
Habig WT, Jakoby WB. Glutathion S-transferase 
(rat and human). Method Enzymol 1981;77:218–31. 
Jafari M, Salehi M, Ahmadi S, Asgari A, 
Abasnezhad M, Hajigholamali M. The role of oxida-
tive stress in diazinon-induced tissues toxicity in 
Wistar and Norway rats. Toxicol Mech Methods 
2012;22:638-47. 
Jun Y, Aiguo C, Maozi H. Effects of psychological 
stress on the hsp70 expression and apoptosis of the 
peripheral blood lymphocytes in rats. Acta Psychol 
Sin 2008;40:717–22. 
Kamper EF, Chatzigeorgiou A, Tsimpoukidi O, 
Kamper M, Dalla C, Pitychoutis PM et al. Sex dif-
ferences in oxidant/antioxidant balance under a 
chronic mild stress regime. Physiol Behav 2009;98: 
215–22. 
Kaushik S, Kaur J. Chronic cold exposure affects the 
antioxidant defense system in various rat tissues. 
Clin Chim Acta 2003;333:69–77. 
Liu J, Wang X, Mori A. Immobilization stress-
induced antioxidant defense changes in rat plasma: 
effect of treatment with reduced glutathione. Int J 
Biochem 1994;26:511–7. 
Lucca G, Comim CM, Valvassori SS, Reus GZ, 
Vuolo F, Petronilho F et al. Effects of chronic mild 
stress on the oxidative parameters in the rat brain. 
Neurochem Int 2009;54:358–62. 
Manoli LP, Gamaro GD, Silveira PP, Dalmaz C. 
Effect of chronic variate stress on thiobarbituric-acid 
reactive species and on total radical-trapping poten-
tial in distinct regions of rat brain. Neurochem Res 
2000;25:915-21. 
Marin MT, Cruz FC, Planeta CS. Chronic restraint 
or variable stresses differently affect the behavior, 
corticosterone secretion and body weight in rats. 
Physiol Behav 2007;90:29-35. 
Matsumoto K, Yobimoto K, Huong NT, Abdel-
Fattah M, Van Hien T, Watanabe H. Psychological 
stress-induced enhancement of brain lipid peroxida-
tion via nitric oxide systems and its modulation by 
anxiolytic and anxiogenic drugs in mice. Brain Res 
1999;839:74-84. 
Moretti M, Colla A, de Oliveira Balen G, dos Santos 
DB, Budni J, de Freitas AE et al. Ascorbic acid 
treatment, similarly to fluoxetine, reverses depres-
sive-like behavior and brain oxidative damage in-
duced by chronic unpredictable stress. J Psychiatr 
Res 2012;46:331-40. 
Nadeem A, Masood A, Masood N, Afzal Gilani R, 
Ahmad Shah Z. Immobilization stress causes extra-
cellular oxidant-antioxidant imbalance in rats: Res-
toration by L-NAME and vitamin E. Eur Neuropsy-
chopharmacol 2006;16:260-7. 
Pajovic SB, Pejic S, Stojiljkovic V, Gavrilovic Lj, 
Dronjak S, Kanazir DT. Alterations in hippocampal 
antioxidant enzyme activities and sympatho-adreno-
medullary system of rats in response to different 
stress models. Physiol Res 2006;55:453-60. 
Papandreou MA, Tsachaki M, Efthimiopoulos S, 
Cordopatis P, Lamari FN, Margarity M. Memory 
enhancing effects of saffron in aged mice are corre-
lated with antioxidant protection. Behav Brain Res 
2011;219:197–204. 
Ricart-Jane D, Rodriguez-Sureda V, Benavides A, 
Peinado-Onsurbe J, Lopez-Tejero MD, Llobera M. 
Immobilization stress alters intermediate metabolism 
and circulating lipoproteins in the rat. Metabolism 
2002;51:925-31. 
Rostamkhani F, Zardooz H, Zahediasl S, Farrokhi B. 
Comparison of the effects of acute and chronic psy-
chological stress on metabolic features in rats. J 
Zhejiang Univ Sci B 2012;13:904-12.  
Sahin E, Gumuslu S. Alterations in brain antioxidant 
status, protein oxidation and lipid peroxidation in 
response to different stress models. Behav Brain Res 
2004;155:241–8. 
EXCLI Journal 2014;13:161-171 – ISSN 1611-2156 
Received: December 30, 2013, accepted: February 11, 2014, published: February 24, 2014 
 
 
171 
Sahin E, Gumuslu S. Stress-dependent induction of 
protein oxidation, lipid peroxidation and anti-
oxidants in peripheral tissues of rats: comparison of 
three stress models (immobilization, cold and im-
mobilization-cold). Clin Exp Pharmacol Physiol 
2007;34:425–31. 
Sahin M, Sagdıc G, Elmas O, Akpınar D, Derin N, 
Aslan M et al. Effect of chronic restraint stress and 
alpha-lipoic acid on lipid peroxidation and antioxi-
dant enzyme activities in rat peripheral organs. 
Pharmacol Res 2006;54:247–52. 
Sakami S, Nakata A, Yamamura T, Kawamura N. 
Psychological stress increases human T cell apopto-
sis in vitro. Neuroimmunomodulation 2003;10:224–
31. 
Samson J, Sheeladevi R, Ravindran R. Oxidative 
stress in brain and antioxidant activity of Ocimum 
sanctum in noise exposure. Neurotoxicology 2007; 
28:679–85. 
Sarumathi A, Saravanan N. Antioxidant status in 
kidney and liver of rats during immobilization stress 
and treated with Centella asiatica (Linn.). Int J Res 
Biol Sci 2012;2:165-9. 
Satoh K. Serum lipid peroxidation in cerebrovascu-
lar disorders determined by a new colorimetric 
method. Clin Chim Acta 1978;90:37–43. 
Stojiljkovic V, Todorovic A, Kasapovic J, Pejic S, 
Pajovic SB. Antioxidant enzyme activity in rat hip-
pocampus after chronic and acute stress exposure. 
Ann N Y Acad Sci 2005;1048:373–6. 
Tangaraj R, Rathakrishnan Ayyappan S, Manikan-
dan P, Baskaran J. Antioxidant property of Emblica 
officinalis during experimentally induced restrain 
stress in rats. J Health Sci 2007;53:496-9. 
Teague CR, Dhabhar FS, Barton RH, Beckwith-Hall 
B, Powell J, Cobain M et al. Metabonomic studies 
on the physiological effects of acute and chronic 
psychological stress in Sprague-Dawley rats. J Pro-
teome Res 2007;6:2080-93.  
Tietz F. Enzymic method for quantitative determina-
tion of nanogram amount of total and oxidized gluta-
thione: applications to mammalian blood and other 
tissues. Anal Biochem 1969;27:502-22. 
Uysal N, Acikgoz O, Gonenc S, Kayatekin BM, 
Kiray M, Sonmez A et al. Effects of acute footshock 
stress on antioxidant enzyme activities in the adoles-
cent rat brain. Effects Physiol Res 2005;54:437-42. 
Winterbourn C, Hawkins R, Brian M, Carrell R. The 
estimation of red cell superoxide dismutase activity. 
J Lab Clin Med 1975;85:337-41. 
Yuksel S, Asma D, Yesilada O. Antioxidative and 
metabolic responses to extended cold exposure in 
rats. Acta Biol Hung 2008;59:57-66. 
Zaidi SM, Al-Qirim TM, Banu N. Effect of antioxi-
dant vitamins on glutathione depletion and lipid pe-
roxidation induced by restraint stress in the rat liver. 
Drugs RD 2005;6:157-65. 
Zardooz H, Zahedi A, Gharib Naseri MK. Effect of 
chronic psychological stress on insulin release from 
rat isolated pancreatic islets. Life Sci 2006;79:57-62. 
Zardooz H, Zahediasl S, Rostamkhani F, Farrokhi B, 
Nasiraei S, Kazeminezhad B et al. Effects of acute 
and chronic psychological stress on isolated pancre-
atic islets’ insulin release  . EXCLI J 2012;11:163-75. 
